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Background

The production of fuels from coal and other fossil resources involves the use of catalysts
in several stages of the process. NETL scientists conduct fundamental research on
the materials used to produce these catalysts. Data from this research aides in the
building of powerful computational models which can guide experimentalists in
their development of new catalysts.
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From Atoms to Catalysts
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National Energy Technology atomistic level models help identify new materials for catalyst applications.
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gh?misuy and Surface Science * Surface Analysis and Imaging System: NETL has analytical instrumentation
vision

that allows for full characterization of the first several atomic layers of a model

National Energy Technology catalyst system. One instrument houses 6 distinct analytical capabilities and the

Laboratory ability to grow model catalysts in situ. Combining all of these capabilities into
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- Atomic Force Microscopy

- Low Energy Electron Diffraction

- X-ray Photo Electron Spectroscopy
- Ion Scattering Spectroscopy

- Auger Electron Spectroscopy

- In Situ Triple Source E-beam Evaporator
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In situ Infrared and Raman: Infrared and Raman spectrometers are coupled
to reaction cells for the study of catalyst powders. These cells allow complete
control over the temperature, pressure, and gaseous environment the catalyst is
exposed to. These systems are used to study fundamental reactions as well as
more practical issues related to the conditioning of the catalyst.

X-ray Diffaction: A PANalytical X-ray Diffraction instrument is equipped with
hot and cold stages as well as a high-speed detector. This system allows for the
study of structural changes occurring in the catalyst during reactions. Catalyst
sintering and other phenomena can also be studied.

Chemisorption and Pore Analyzer: A Quantachrome Autosorb 1C is used for
full characterization of the surfaces of a catalyst powder. Temperature programed
Reactions (TPR), Temperature Programmed Desorption (TPD), Surface Area
Analysis, and adsorption isotherms can be determined.

X-ray Photoelectron Spectroscopy with Reaction Cell: A PHI 5600ci X-ray
photoelectron spectrometer is coupled to a reaction cell. Catalysts can be
transferred between the spectrometer and reaction cell without exposing the
sample to room air. This can allow for identification of intermediate oxidation
states and chemical species present during a catalytic reaction.

Other Analytical Capabilities at NETL that are typically utilized for catalyst
studies include:

- Thermogravimetric Analysis
- Pulse Mass Analyzer

- Scanning Electron Microscopy

- Catalytic Reactor Systems

NETL researchers prepare an experiment in the surface analysis and imaging system. These
types of experiments result in the atomically resolved image of graphite shown to the right. The
hexagonal structure of the surface atoms is apparent. Graphite is a common catalyst support and
these substrates serve as model systems for fundamental surface studies.
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